Introduction
============

Patellar maltracking after total knee arthroplasty (TKA) has been associated with anterior knee pain and limited range of motion, which would eventually result in impaired functional recovery and development of severe complications such as implant wear/loosening and patellar fracture[@B1][@B2][@B3]. A variety of studies have suggested factors that could be linked with patellar tracking. Some cadaveric studies analyzing the relative impact of knee components demonstrated that the patellar resection angle, location of the patellar component, and rotational alignment of the femoral component could affect postoperative patellar tracking[@B4][@B5]. In an *in vivo* study, Kawano et al.[@B6] reported the location of the patellar component, patellar resection angle, and lateral retinacular release as related factors. Some authors associated patellar tracking with preoperative patellar tilt[@B7], surgical approach[@B8], location and rotational alignment of the implant[@B9][@B10][@B11][@B12], and implant design and soft tissue balance[@B13][@B14]. However, there is still controversy on which of these factors should be taken into consideration during surgery; the abovementioned factors may interact during surgery, and studies on relative impact of each factor using standardized methods are lacking.

Accordingly, we designed this study to elucidate the influence of the two possible determinants of patellar tracking, the rotational alignment of the femoral component[@B10][@B11][@B12] and patellar resection angle[@B4][@B6], on patellar tilt among patients who underwent TKA in the same surgical setting.

Materials and Methods
=====================

Of the patients who underwent TKA using Advance Medial Pivot Knee system (Wright Medical Technology Inc., Arlington, TN, USA) between May 2009 and April 2011 and who were available for more than 1-year follow-up, a total of 56 patients (76 knees) were included in this retrospective study. The exclusion criteria were revision TKA, severe patellar deformity, preoperative subluxation or dislocation of the patella, severe valgus deformity of the lower limb, TKA without patellar resurfacing, and lateral retinacular release in TKA. There were 11 males and 45 females, and 20 of them underwent bilateral TKA. Their mean age was 68±7.4 years. The indication for surgery was osteoarthritis in 71 knees, rheumatoid arthritis in 3 knees, and osteonecrosis in 2 knees. The mean preoperative lower limb alignment was 3.16° varus (range, 7.6° valgus to 14.1° varus). The mean preoperative patellar tilt was 1.83° (range, 2.5° of medial tilt to 10.4° of lateral tilt). In all knees, the posterior cruciate ligament-sacrificing Advance Medial Pivot Knee system was inserted in TKA performed by the same surgeon using the following surgical procedure.

The surgery was carried out through a midline skin incision using the medial parapatellar approach in all patients under tourniquet control. Medial soft tissue release was additionally performed if considered necessary based on the medial/lateral flexion-extension gap assessment during surgery. During implant insertion, care was taken to maintain approximately 3° external rotation of the femoral component with respect to the posterior condylar axis, and further adjustments were made to align the femoral component parallel to the surgical transepicondylar axis as much as possible and perpendicular to the anteroposterior axis (Whiteside\'s line). The center of the femoral component was aligned with the trochlear groove. The rotational alignment of the tibial component was determined by a line connecting the medial 1/3 of the tibial tubercle and the center of the posterior cruciate ligament. Upon confirming with a rod the tibial component was aligned with a line passing though the tibial crest and the center of the ankle joint, component insertion was done. For patellar resurfacing, the lateral margin of the patella was exposed and the overall patellar thickness was measured using a caliper. Using the free-handle technique, patellar resection was performed parallel to the anterior cortex, taking care to produce symmetric thickness at the medial and lateral facets of the patella. The longitudinal axis of the dome-shaped patellar component was aligned with the longitudinal axis at the central ridge of the patella, and the bone-prosthesis composite thickness was intended to be equal to the original thickness of the patella.

Radiographic assessment was performed using the 1-year follow-up axial plain radiographs (merchant view). The rotational alignment of the femoral component was measured according to the method of Kanekasu et al.[@B15]: the angle subtended by the transepicondylar axis and the anterior condylar axis (femoral component rotation angle) was measured, and external rotation was expressed as a positive value ([Fig. 1](#F1){ref-type="fig"}). The rotational alignment of the patellar component was assessed according to the method of Chan and Gill[@B7]. Two perpendicular lines were drawn at the medial and lateral facets of the patella. A line connecting the ends of the two perpendicular lines was drawn at the anterior patellar cortex. The angle subtended by the line at the anterior patellar cortex and a line tangent to the resected surface of the patellar component (patellar resection angle) was measured, and medial over-resection was assigned a positive value ([Fig. 1](#F1){ref-type="fig"}). Patellar tilt was measured according to the method of Gomes et al.[@B16]: the angle between the anterior condylar axis and the resected surface of the patellar component was measured (patellar tilt angle), and lateral tilt was given a positive value ([Fig. 1](#F1){ref-type="fig"}).

Statistical analysis was done using SAS ver. 9.2 (SAS Institute Inc., Cary, NC, USA) to compare the influence of the femoral component rotation angle and patellar resection angle on patellar tilt. Cronbach\' alpha test was used to evaluate the reliability of the measurements performed twice by a single observer. The influence of the two parameters on patellar tilt was evaluated using multivariate regression analysis.

Results
=======

The mean femoral component rotation angle was 0.42°±3.18° of internal rotation. The mean patellar resection angle was 1.82°±3.4°, indicating medial over-resection. The mean patellar tilt was 6.12°±4.31°, indicating lateral tilting. There was no statistically significant relationship between the femoral component rotation angle and patellar tilt (p=0.749) ([Fig. 2](#F2){ref-type="fig"}); however, the patellar resection angle showed a significant correlation with patellar tilt (p\<0.001, r=0.289) ([Fig. 3](#F3){ref-type="fig"}). The Cronbach\' alpha value was ≥0.7, indicating good intraobserver reliability.

Discussion
==========

In this study, we analyzed the influence of the rotational alignment of the femoral component and patellar resection angle on patellar tilt using plain radiographs (Merchant view) in patients who received the same knee implant in TKA performed by the same surgeon to ensure consistent surgical setting. Based on the radiographic assessment, we believe that patellar resection angle has more significant influence than the rotational alignment of the femoral component on patellar tilt.

Independent influence of factors associated with patellar tracking can be assessed through simulation in cadaveric studies, and there are *in vivo* studies reporting on the possible contributing factors; however, their results have failed to generate broad consensus due to the lack of standardization. In this study, we attempted to investigate the influence of factors that have been related to patellar tilt, such as the rotational alignment of the femoral component[@B10][@B11][@B12] and patellar resection angle[@B4][@B6], in patients who underwent TKA according to a standardized surgical procedure at our institution, and compare our results with those in the previous literature.

Kanekasu et al.[@B15] compared the preoperative axial radiographs and computed tomography (CT) scans in the assessment of the rotational alignment of the femoral component: there was no remarkable discrepancy with regard to the posterior condylar axis of the femur and clinical transepicondylar axis (a line connecting the prominences of the medial and lateral epicondyles) between the two imaging modalities. Thus, they concluded that axial radiography could be useful for the assessment of the rotational alignment of the femoral component in TKA patients. In the current study, under the hypothesis that the anterior condylar axis and the posterior condylar axis form a constant angle, we used the surgical transepicondylar axis (a line connecting the sulcus of the medial epicondyle and the lateral epicondylar prominence) and the anterior condylar axis of the femoral component to assess the rotational alignment of the femoral component ([Fig. 1](#F1){ref-type="fig"}).

The mean femoral component rotation angle was 0.42°±3.18° of internal rotation, which may be attributable to the design characteristics of the Advance Medial Pivot Knee system where the lateral margin of the patellar groove is elevated.

Chan and Gill[@B7] reported that over-resection of the patella is a common occurrence because the flat or slightly convex medial patellar articular surface is thicker than the concave lateral surface. On the other hand, Baldini et al.[@B17] suggested that misuse of instruments and errors of free-handle technique often result in medial over-resection. In the current study, we aimed to perform symmetrical patellar resection with reference to the anterior patellar cortex; however, the mean patellar resection angle was 1.82°±3.44°, indicating medial over-resection, which could be explained by the observations described in the abovementioned studies.

The relationship between the rotational alignment of the femoral component and patellar lateral tilt has been addressed in various studies. Matsuda et al.[@B9] reported that the mean femoral component rotation angle was 6.1° of internal rotation (range, 2.7° to 11.2°) and the mean tibial component rotation was 16.7° of internal rotation (range, 2.4° to 27.7°) on CT scans taken with the knee in 30° flexion. The study also showed a significant positive correlation between patellar tilt and the sum of the internal rotation angles. Berger et al.[@B2] observed significantly greater incidence of patellofemoral complications, such as excessive patellar lateral tilt, in the group with excessive combined internal rotation of the femoral and tibial components after TKA (n=30; range, 1° of external rotation to 15° of internal rotation) than the control group (range, 0° to 10° of external rotation). However, in the current study, no statistically significant correlation was found between the femoral component rotation angle and patellar tilt (p=0.749, [Fig. 2](#F2){ref-type="fig"}). This may be attributable to the fact that the degree of femoral component internal rotation was relatively small in the patients compared to that in previous studies where greater internal rotations of the femoral and tibial components were present, and we attempted to have the tibial component placed in a neutral position.

On the relationship between the patellar resection angle and patellar tilt, Chan and Gill[@B7] reported that an extensive medial patellar resection would result in a great lateral patellar tilt. Their result was in agreement with the study of Kawano et al.[@B6]. Approximately 5° of lateral patellar tilt is normal in a healthy knee in 60° flexion[@B18]; therefore, 5° of patellar tilt would improve the congruence between the femoral and patellar components. On the other hand, Baldini et al.[@B17] reported that anterior pain was more prominent in the group with asymmetric patellar resection than in the group with symmetric resection. Anglin et al.[@B4] advised against excessively asymmetric patellar resection because improper patellar resection results in patellar shift. In the current study, we observed a positive correlation between the patellar resection angle and patellar tilt (p\<0.001, r=0.289; [Fig. 3](#F3){ref-type="fig"}), which also implies a positive correlation between medial over-resection and lateral tilt as shown in previous studies.

The limitations of our study include 1) the small study population, 2) lack of clinical assessment on the postoperative outcome, 3) exclusion of CT in the assessment of femoral component rotation and of some factors that could influence patellar tilt in spite of our efforts to ensure standardization utilizing the same femoral component and to place the femoral component at a proper external rotation in the original trochlear groove and the patellar component in neutral rotation in the original position. Therefore, various factors that were not addressed in this study should be included in further research.

Patella maltracking after TKA can lead to the development of various complications including anterior knee pain, limited range of motion, asymmetrical wear and loosening, and patellar fracture. Therefore, proper patellar tracking is essential for successful TKA[@B1][@B4][@B19][@B20]. In the current study, we investigated the influence of the rotational alignment of the femoral component and patellar resection angle on patellar tilt that could affect patellar tracking. The results showed that patellar resection angle has greater influence on patellar tilt. For consistent patellar resection, we recommend the free-handle technique in TKA should be used 1) by referring to the preoperative radiographic findings on the shape and location of the patella, 2) taking care to avoid excessive medial resection, and 3) aiming to perform multiple piecemeal resections based on intraoperative assessment. It is also advised to assess patellar tracking during surgery with a trial patellar component placed in the knee. Ledger et al.[@B20] suggested the medial and lateral edges of the quadriceps tendon and lateral edge of the patellar tendon as anatomical landmarks for consistent patellar resection. Belvedere et al.[@B21] advocated the efficacy of surgical navigation system for patellar resection. It is our understanding that further research and efforts are needed to improve consistency in patellar resection.

Conclusions
===========

The patellar resection angle had greater influence on patellar tilt than the rotational alignment of the femoral component in patients who underwent TKA performed in a consistent surgical setting. Therefore, accurate patellar resection is recommended for achieving proper patellar tracking after TKA.
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![The patellar resection angle (a-b), patellar tilt (b-c), and femoral component rotation angle (c-d) were measured on plain axial radiographs. a: a line at the anterior patellar cortex connecting the ends of perpendicular lines drawn at the medial and lateral aspects of the patella, b: patellar resection axis, c: anterior condylar axis, d: surgical transepicondylar axis.](ksrr-27-163-g001){#F1}

![The graph shows no positive correlation between patella tilt (P.tilt) and femoral component rotation angle (FR) (p=0.749).](ksrr-27-163-g002){#F2}

![The graph shows a positive correlation between patella tilt (P.tilt) and patellar resection angle (PA) (R=0.289, p=0.019).](ksrr-27-163-g003){#F3}
